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This paper presents the design and evaluation of IMAGINE, a
novel interactive immersive smart space for embodied learning.
In IMAGINE children use full-body movements and gestures
to interact with multimedia educational contents projected on
the wall and on the floor, while synchronized light effects en-
hance immersivity. A controlled study performed at a primary
school with 48 children aged 6-8 highlights the educational
potential of an immersive embodied solution, also compared
to traditional teaching methods, and draws some implications
for smart-space technology adoption in educational contexts.
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INTRODUCTION
This work investigates the pedagogical potential of IMAGINE
(Immersive Multimodal Ambient Gymnasium IN Education),
an immersive interactive environment for educational
purposes where children are exposed to auditory and visual
stimuli (multimedia projections and lights), activated by
performing mid-air gestures and movements in a digitally
enhanced physical space. The system is remotely controlled
by the teacher, who can customize each experience according
to group’s or individual’s needs, modifying intensity, duration
and orchestration of stimuli and action-stimulus sequences.
Children’s experiences in IMAGINE mimic some edu-
cational processes traditionally used in the classroom,
exploiting the potential of immersive embodied interaction
for learning. This approach is grounded on theories that
recognize the relationship between physical activity and
cognitive processes [26, 53, 28, 84].
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According to the hypothesis that embodiment can enhance
the learning process, we have designed and developed an
educational didactic experience within IMAGINE aimed at
facilitating learning of "factual knowledge" on a curricular
subject. The experience is modeled following Kolb’s experien-
tial learning process, which is based on the cyclic sequence of
"experience-reflection-learning" phases. According to Kolb,
knowledge acquisition involves a process of problem solving
and reaches the clarifying solution through the observation of
the reality and elaboration of hypotheses.
The paper describes an empirical research devoted to
compare the learning benefit of an immersive embodied
approach against a traditional paper-based classroom ap-
proach. To address this issue, seventy first and second grade
primary scholars were involved in a controlled study, in which
two experimental conditions were considered: a traditional
teaching method and an IMAGINE-based teaching experience.
The rest of the paper is organized as follows. In Sec-
tion “Background and Related Work”, we provide an overview
of the theoretical approaches related to embodied interaction
and on current solutions adopting embodied learning. We
then present the design and development of IMAGINE.
The following sections are devoted to the description of a
controlled empirical study in which we evaluated IMAGINE
potential in a primary school, and to the discussion of the
main results. We conclude the paper proposing some design
recommendations to enhance the educational potential of
IMAGINE and, more generally, of smart spaces for learning,
and outline future research directions.
BACKGROUND AND RELATED WORK
Embodied cognition theories emphasize the relationship be-
tween physical activity and cognitive processes and are sup-
ported by a growing body of evidence from psychology and
neuro-biology [90, 91]. These approaches embrace a perspec-
tive on learning as, at least partly, situated (or embedded)
process, where the interaction of the body in a real spatial con-
text is a major gateway to cognition [26]. These notions take
roots from Piaget [68], who described a child acquiring "the
practical knowledge which constitutes the substructure of later
representational knowledge" particularly during the first senso-
rimotor developmental stage. This interpretation changed 30
years later leading to the now common proposition that "sen-
sorimotor activity is not merely a stage of development that
fades away in more advanced stages, but rather is thoroughly
present in thinking and conceptualizing" [66, 70]. According
to recent neuro-biological studies, our brain acquires notions
and relationships faster if these elements are lived physically
and emotionally in first person [51, 53].
An additional theoretical underpinning of our work is the
approach proposed by the American educator David Kolb,
who defined the steps that make learning effective and
efficient. His method is based on the assumption that learning
is circular [52, 54], and his learning cycle, which defines the
phases of experiential inductive learning, offers a model for
educational practice. The cycle is composed by 4 sequential
phases: concrete experience, reflective observation, abstract
conceptualization and active experimentation. During the
concrete experience phase, participants explore knowledge
through simulations, whereas, during reflective observation,
they observe, reflect and interpret what emerged during
the experience through discussion and brainstorming. The
reflection is followed by abstract conceptualization, which
aims to produce and outline concepts by extending them
through models and lessons. Finally, during the active
experimentation, the knowledge and skills acquired in
new situations are verified through simulations, games and
challenges. This last phase translates into a new concrete
experience and the knowledge acquired produces new ways of
doing and thinking, so that the cycle can start again.
Educational research incorporating students’ bodily ex-
periences, often referred to as embodied learning, is receiving
considerable attention in the research community [57, 62].
Embodied learning was initially achieved via controllers,
mouse devices, or joysticks [88, 80] and more recently
through the use of motion-based sensors such as Microsoft
Kinect, Nintendo Wii, Intel RealSense. These devices can
interpret the learner’s body movements and gestures (e.g.,
clicking, grasping, pointing, walking, or balancing) to interact
with the multimedia contents [6, 43, 56]. Some very recent
implementations of embodied learning solutions see the
use of entire environments orchestrating large screens and
motion-based technologies, in order to achieve a greater
learning effectiveness [12, 1, 47, 31, 30, 3].
Within this domain, a large number of studies have been
performed incorporating embodied activities (in some cases
involving minimal movements [4, 15, 25, 33, 42]) in various
field, such as mathematics [81, 72, 59, 19], physics [9, 37, 7,
36, 45, 60, 61], chemistry [46], science [2, 16], vocabulary
and language acquisition [57, 69], reading comprehension
[35, 34], sound concepts [10, 67, 39, 41]. These studies aim
at evaluating the effectiveness of embodied education and
partially confirm the theory on the benefits of learning by
doing and the role of active experience in grounding concepts
[63, 46, 72].
Most of these studies evaluate only the temporary learning
impact and rarely assess their actual benefit on students in
comparison with a control group. Some other studies do
not completely support the thesis that higher levels of body
engagement lead to better learning outcomes than those
featuring lower bodily involvement (e.g. observing, using
paper and pen, or performing minimal gestures) [81, 75,
5, 64]. Particularly, Johnson-Glenberg et al.[48] could not
find a significant learning advantage for higher embodiment
levels in the short term, yet they were able to detect higher
retention with a 1 week-delayed test for those participants
who experienced an higher level of embodiment.
Overall, existing research on embodied learning technologies
has been disparate, driven largely by specific technical
innovations and constraints, and supported by limited
statistical evidence about how embodied and immersive
solutions, such as full-body interaction in smart environments,
affects learning [21, 37, 55, 62]. Indeed, to our knowledge, no
studies have explored the effects that educational experiences
in immersive embodied environments might have on long
term memory skills.
The empirical study performed in our research focuses
on comparing children’s information retention (defined as the
process of "keeping memory in human memory stores" [77])
when learning in two teaching environments: an immersive
context enhanced with embodied interaction (IMAGINE)
and a traditional classroom one. We explored both "short
term retention" - the retention of information lasting a few
days (proportional to short-term memory) - and "long term
retention" - the one lasting for more than 1 month (relating
to long-term memory). In particular, we studied long-lasting
retention of information in the form of semantic memory [50]
that, with episodic memory, forms the declarative/explicit
memory [79]. Declarative memory is essential for learning
new information, as it functions as a site for storage and
retrieval of learned knowledge [82].
Taxonomies
Various taxonomies have been defined that identify various
design dimensions and features to characterize technology
for embodied learning (Table 1). In this section, we outline
the most relevant ones reported in the existing literature and
pinpoint with a * those items that do not apply to IMAGINE.
Malinverni et al.[63] focus their taxonomy on the fac-
tors of physical configuration, namely technologies involved
and their characteristics, number of users, input data, i.e.
nature of the interaction required by the system and mapping,
degree to which user actions are related with learning.
Johnson-Glenberg et al.[46] identify in motoric engagement,
gestural congruency and perception of immersion the features
of their classification. Full body motoric engagement is
achieved through locomotion, so a technology that affords
the learner the opportunity to ambulate will score highest
(lower if it allows the use of partial body); gestural relevancy
is determined by the level of relevance of the gesture
as it maps to the content to be learned, as Malinverni’s
mapping; immersion level ranges from a minimum brought by
tablets and computers to a maximum reached by large screens.
Melcer et al.[65] presents a framework with 7 design
dimensions. Physicality describes how learning is physically
embodied, transforms conceptualize a space and the relation-
ships between physical/digital actions and physical/digital
effects, mapping addresses how input is spatially mapped
to output, correspondence* refers to the degree to which
the physical properties of objects are closely mapped to the
learning concepts, mode of play specifies how individuals
socially interact, coordination highlights how individuals
socially coordinate their actions, environment refers to the
characteristics of the environment (physical, mixed, virtual).
Duijzer et al.[26] address 8 mediator categories, namely
real-world context indicating to experiences of students with
or in the real world, multimodality referring to interaction
modalities, linking motion to concept as in Johnson-
Glenberg’s gestural congruency, multiple representations*
conceptualizing the multiple representations of motions,
semiotics* describing the use of meaning-supported sign
systems, student control addressing how students are in
control of the learning environment, bodily involvement giving
indication of students’ engagement with a movement (ranging
from an action of the whole body to observing the movement
of others), immediacy highlighting the temporal sync of
motion with the content, attention capturing* characterizing
the aspects that capture students’ attention, cognitive conflict*
specifying to conflicting conceptions.
Bowman et al.[14] focus on virtual reality solutions
and on their technical components such as field of view
(size of visual field), field of regard (total size of the visual
field surrounding the user), display size and resolution,
stereoscopy*, head-base rendering*, realism of lighting,
frame rate* and refresh rate*.
Table 1 summarizes the main design dimensions of the cited
taxonomies and highlights (in green) how they match the
design solutions of IMAGINE.













Vertical screen / 
projection Floor projection Other 
Number of users Single Multiple 































Relevant Occasional None 
Perception of 











Physicality Embodied Enacted Manipulated Surrogate Augmented 
Transforms Physical action =>  Physical effect 
Physical action =>  
Digital effect 
Digital action => 
Physical effect 
Mapping Discrete Co-located Embedded 
Mode of Play Individual Collaborative Competitive 
Coordination Other Player(s) NPC(s) None 










 Real-World Context Yes Micro-World No 
Multimodality Single Dual Trial 
Linking Motion 
to Concept Student's Someone else's Object's 
Semiotics Present Absent 
Student Control Direct Indirect 
Bodily 
involvement Own Others'/Objects' motion 










Field of Regard 
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Table 1: Main design taxonomies for embodied learning;
dimensions that apply to IMAGINE are in green
IMAGINE
In the "Immersive Multimodal Ambient Gymnasium IN Ed-
ucation" (IMAGINE), children’s experience is motion-based
and immersive, involves different types of interaction and in-
cludes tasks and rewards - remotely controlled by the teacher
through a tablet - based on different visual and auditory stim-
uli. IMAGINE makes use of a vertical full-hd projection, a
full-hd floor projection, and synchronized colored lights (i.e.
they change according to the shown content) with a field of
regard of 180 degrees (vertical) [14]. The environment can be
considered as a micro world, a virtual representation of a real
but less complex world [26, 76] with a size of about 30sqm.
Figure 1: The IMAGINE environment
Microsoft Kinect v2 was chosen as the motion sensor given its
inexpensive and compact hardware (hidden inside the drywall),
its online community, its ease of code maintenance between
device versions, and its high precision in recognizing up to six
player’s movements and gestures in the space. Current IMAG-
INE activities were designed so that only one student could
interact with the educational contents [63], but many students
can collaborate in the educational experience while waiting
for their turn [65]. Each of the 5 interaction types developed
considers a different input (player’s position and motion, hand
movement, gestures such as drag & drop, selection), perceived
by the system in terms of quantity of movements, leaving
aside qualitative measurements such as gestures speed or flow
[63]. The mapping between player’s motion and educational
contents, shown on one of the projections, is functional [63]
and gesturally incongruent [46], a concept to different tax-
onomies that indicates that user actions and mapping do not
relate semantically with the content but only have a functional
meaning. The interaction is contiguous and co-located (i.e.,
input and output are close and an action triggers an output that
is directly adjacent or overlaid [65]), directly enacted (i.e., the
student’s physical action is directly linked to the digital con-
tent and does not depend to any other mediating factor such as
other players or objects [26, 65]), immediate (i.e., referring to
a cognitive activity where perceptual-motor interaction in the
presence of direct environmental stimuli is instantaneous [26]),
and semiotics is absent (i.e., "gestures in the environment are
not explicitly used to signify meaning. [...] Content and the
result of the interaction is meaning" [26]).
According to the identified taxonomies, IMAGINE can be clas-
sified as having: enacted physicality (i.e., action knowledge
through physical action) [65]; high bodily involvement com-
prising the alternation of motor execution (i.e., direct full body
experience) and motor mirroring (i.e., the mirror-neuron sys-
tem is activated when observing movements made by others)
[26]; trial multimodality (at least two of the modalities of see-
ing, hearing, touching, imagining, or motor actions are simul-
taneously activated [26]) and a medium level of immersivity
(offering a field of regard of 180° with two full-hd projections
of over 150 inches and synchronized lights [14, 46]). Given
Johnson-Glenberg et al.’s definition of "embodied learning" as
the result of the combination of motoric engagement, gestural
congruency and perception of immersion[46], and considering
the classification of IMAGINE as providing full-body motoric
engagement (i.e., "students move their bodies from one point
to another and exert control over the graphical representation
of the movement"[26]), low gestural congruency, and medium
level of immersivity, we would characterize our system as a "
medium to low embodiment" learning environment.
Figure 2: Interaction Types
Educational Experience
IMAGINE’s learning experience is inspired by Kolb’s learning
cycle [52, 54] and divided into four different phases, following
the inductive process of the STAR Legacy module [44]: Chal-
lenge, Initial Thoughts, Resources and Assessment. Children
are welcomed in IMAGINE and the teacher presents the topic
that will be discussed during the lesson making use of im-
ages projected on the wall and on the floor (Challenge phase).
She then collects students’ questions and elicits children’s
discussion from previous knowledge (Initial Thoughts phase).
During the Resources phase, a 5-minutes video is projected to
the wall: when the projection ends, children are called in turns,
one at a time, to "perform a task", which consists of answering
a proposed question using one of the given interaction types
presented in Section 3.2. A task is completed only when the
child chooses the right answer. Lastly, children are evaluated
on their acquired knowledge (Assessment).
Interaction types
The structure of each single task was designed on the basis of
the textbooks currently used in primary schools. In this regard,
we have collected primary school’s books and extracted and
analyzed the different types of exercises. Five main types an-
swer modalities emerged, frequently repeated in the exercise
section of the different topics, although aimed at different ed-
ucational objectives and including different graphic contents.
Therefore, five main interaction types are defined for IMAG-
INE:
a) Selection. The selection pattern presents the user with
an explanatory image of the question on the front projection
and a variable number of response option cards on the floor
projection (Figure 2a). A star projected on the floor, placed
immediately in front of the user’s feet, follows the student’s
movements. In order to select the chosen answer, the child
must place the star, and consequently herself, over the card
corresponding to the option deemed correct. The child con-
firms her decision standing over the card for at least 3 seconds.
A loading bar appears to provide a feedback on the performed
action.
b) Classification. The classification pattern presents the user
with a set of images and a series of labelled boxes, both pro-
jected on the front projection. A virtual superimposed hand
appears, following the preferred user’s hand (Figure 2b). The
user is asked to grab (close hand for selection), drag (move
hand) each of the images presented at the top of the screen
and release (open hand) each of them in the correct category,
shown in the form of a box at the bottom of the frontal screen.
c) Reordering. The reordering pattern presents the user with
a series of images randomly ordered on the front screen. A
virtual superimposed hand appears, following the preferred
user’s hand (Figure 2c). The user is asked to reorder the option
cards according to a sequence contextualized by the question.
To reorder the cards, the child is required to grab, drag and
release each element until the desired sequence is obtained.
A pop-up will ask the user to confirm or cancel the response
given after 5 seconds from her last interaction.
d-e) Identification. The identification pattern requires users
to recognize a given object based on its characteristics. Two
different types of identification are supported: Based on Color
and Shape. A variable number of images are randomly dis-
tributed on both projections. The user has to identify the item
requested in the question and select it by positioning her body
(item positioned on the floor) or by moving and closing her
hand (item positioned on the front wall) as shown in Figure 2d.
Based on Position. A variable number of images are arranged
neatly on the front screen. The user has to identify the item
requested by the question by moving and closing her hand on
its top as shown in Figure 2e.
f) Association. The association pattern presents users with
four frames at the top and four items at the bottom of the front
projection (Figure 2f). Each frame contains two slots, one
housing an image and the other empty. The user is asked to
associate (grab, drag and release) each bottom item with the
images presented in the frames, placing the objects in the free
frame slots. Once all objects are placed in the corresponding
slots, a pop-up asks to confirm or retry.
EXPERIMENTAL STUDY
In order to investigate whether IMAGINE can actually
facilitate children’s learning, a controlled experimental
study was conducted. The study is based on the comparison
between the learning process that takes place in a traditional
classroom and the one occurring in IMAGINE, with the aim
of comparing the impact on children’s learning achievements.
This study investigates a main research question:
Can learning benefit from an immersive embodied ap-
proach compared to a traditional paper-based classroom
approach?
The underlying hypothesis for the research question is that
differences in students’ achievement might emerge when they
receive two different instructional treatments. The participant
children were pair-wise assigned according to performance
on a pretest to a control group, subjected to the traditional
practice based on the frontal book-based approach within the
classroom, and an experimental group, subjected to the prac-
tice within IMAGINE environment.
Students were tested at the beginning of the study (T0), after
1 day from the last learning session (T1) and 50 days after it
(T2) using the same Test Sheet described in the "Materials"
section. Before the study, we defined those research variables
able to answer the above question in terms of short and long
term retention as described in the "Data Gathering" section.
Participants
Seventy primary school children (6-8 y/o, avg: 6.94, 35 fe-
males) of the Via Sturzo school in Cornaredo (Milan, Italy)
were recruited for the study. The motivation behind the ra-
tionale regarding the age group lies in the simplicity of the
interaction modes involved in the study. In order to identify
the right target, we have previously presented the activities
designated for the experimentation to children aged between 6
and 11 years old, observing how the simplicity of movements
was perceived as limiting by older children, but appeared to
be suitable for the first and second graders motor skills. A
primary school teacher, unknown to all children, was recruited
to lead lessons both in class and within IMAGINE, guiding
and stimulating children to learn with the same verve.
Materials
Exercises
In order to allow children to practice the knowledge initially
gained from viewing the explanatory video, we have created
62 exercises. Both IMAGINE and classroom activities used
the same exercises, proposed in the same sequence and with
the same graphical contents.
Learning topic
The instructional topic used for this study was identified in
collaboration with teachers and pedagogists according to the
following requirements.
• Novelty. The choice of the content had to be completely
new to the students involved, thus avoiding potential threats to
internal validity.
• Complexity. The choice of the topic was evaluated among
those usually planned to be treated in a short period of time.
The difficulty of the topic was assessed on the basis of educa-
tional plans currently suggested by the Ministry of Education
and by the School Curricula, ensuring a proposal that fell
within participants’ abilities.
• Measurability. In order to be able to identify the learning
progresses, we tested and quantified children’s knowledge
about the topic before and after the training. Evaluating each
child’s starting level could reveal itself to be rather simple
for a notional topic (the child knows or doesn’t), definitely
more complex for an oral comprehension or logic exercises,
for which the individual previous training and inborn attitudes
would play a key role in the resulting performances.
• Potential Exploitability. Among IMAGINE features, we can
identify immersivity as the only characteristic whose employ-
ment and effectiveness is largely influenced by the proposed
topic. We believe that subjects dealing with visual and real-
world related topics - such as Geography and Science - can
highly benefit from an immersive environment.
With these premises, we have oriented our choice towards
the Solar System as a purely notional topic which contex-
tualization we believe could extensively exploit children’s
abilities and IMAGINE’s potential benefits. We first identified
an appropriate video for the explanation phase of the chosen
contents. In this regard, we chose a video from the European
Space Agency (ESA), specifically created for teaching pur-
poses. We then extracted the topics treated in it and generated
exercises focused on these arguments.
Test Sheet
A paper-based test was designed, identical for all participants,
with the aim of checking students’ knowledge before and
after the practicing sessions. The test consists of 12 questions
of different complexity and different type (multiple choices,
fill gaps, associations), each of which covering one or more
educational objectives. The test was developed following the
examples of tests currently assigned to primary pupils during
the school year and was validated by teachers. One point was
assigned to each correct answer, 0 to each wrong one, for a
maximum achievable score of 45. Grammatical mistakes and
typos were not considered as errors.
Procedure
The study was planned to be carried out in two months,
including lessons, training, and evaluations. We decided
to base our analysis on school tests results, given their
quantitative nature that enabled us to make comparisons
between groups, across time, and with current national
performance scores.
A Baseline Test T0 was administered at the beginning
of the first week, in order to establish homogeneous control
and experimental groups.
Two learning sessions of 1 hour each were held in two
separate days of the first week (same amount of time
dedicated to similar topics at school).
A Short-Term Test T1 and a Long-Term Test T2 were
provided on the last weekday of the first week and after seven
weeks respectively. The procedure is depicted in Figure 3.
T0: Baseline Test
Baseline test T0 was administered to all 70 participants. Chil-
dren were positioned at reasonable distance and 4 supervisors
were present with the aim of maintaining order and discour-
aging mutual suggestions among children. Questions were
spoken aloud and children were given 30 minutes to complete
the 12 questions, for an average of 2.5 minutes per task. No
rush was given to students to finish in time. After the test,
children were divided homogeneously with respect to the dis-
criminating factors of score achieved in T0 and age into two
groups of 35 participants each:
• Control group: Participants learn in classroom by practicing
with paper-based exercises,
• Experimental group: Participants learn in IMAGINE by
practicing with multimodal exercises.
For logistical reasons and given the limited capacity of both
IMAGINE and the classroom, control and experimental groups
were divided into 2 subgroups, homogeneous in terms of per-
formances achieved in T0 and age, each of which consisted of
18 and 17 children (the size of a primary school class). For
each of the aforementioned subgroups, two learning sessions
were conducted.
First Learning Session
The first session was scheduled for the day immediately follow-
ing T0. The two experimental subgroups entered IMAGINE
for the first time, an hour each, while the two control sub-
groups attended their first session in classroom, an hour each.
Thirty-one tasks were assigned to children, considering 1.5
minutes as the average execution time for each task, including
the time taken by the child, within IMAGINE, to stand up and
reach the game position; the interaction time, the time needed
for any guide or additional explanation by the teacher; and the
time required to identify the right answer. In parallel, the same
time per task was considered reasonable for the oral manage-
ment of the assignment within the classroom, including the
reading of the question, the response time of the child and the
time of verification by the teacher of the occurred collective
understanding of information.
Second Learning Session
The second session was scheduled for the day after the first
session with the same modalities, replacing the explanatory
video with a 5 minute recap session. During the session, the
remaining 31 tasks from the 62 generated as exercises were
administered to students.
T1: Short-Term Test
The test was repeated identical to all 70 participants the day
after the second session, in the same form and manner in which
it was performed in T0.
T2: Long-Term Test
The test was repeated identical to all 70 participants 50 days
after the Short-Term Test, in the same form and manner in
which it was performed in T0 and T1. During the 50 days
that elapsed between July (T1) and September (T2), due to the
Italian summer holidays, study participants did not attend any
lesson, neither were assigned homeworks related to the topic.
70 children
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Figure 3: Controlled Study Procedure
DATA GATHERING AND ANALYSIS
Test Scores were collected manually. Children’s performances
were not analyzed :
• Children scored above 60% in the baseline test (T0). This
cutting threshold was defined according to the spread na-
tional educational practice for which this value is gener-
ally considered as "sufficiency", i.e. the limit above which
school tests are deemed to have been passed by students.
• They were absent during on one or more training or test-
ing sessions, which would hinder cause-effect relationship
between studied contents and test scores.
Research Variables
For each group (control and experimental) we have measured
the following research variables.
• Short term Retention (SR): average number of notions re-
tained after 1 day (T1-T0)
• Long term Retention (LR): average number of notions re-
tained after 50 days (T2-T0)
• Memory Loss (ML): average number of notions forgotten
after 50 days (T2-T1)
• Content Retention Rate (CRR): average number of notions
retained (LR) over Total Learning Time (TLT: 2 hours)
• Active Learning Turn Efficacy (ALTE): average number of
notions retained (LR) over number of turns (T: 8). A turn
corresponds to the time the child was called to actively
participate to the learning session by answering in class or
by performing the required action in IMAGINE
We assessed the significance of the difference of SR and LR
between groups through a Two-way paired T-Test.
Ethical considerations
We carefully considered the ethical implications of the study.
Confidentiality. A consent form, dealing with the use of data
and images recorded during the study, was signed by both
parents or legal tutor of each child involved. The informa-
tion regarding participants were treated with the highest level
of confidentiality, storing only the participant id and related
tests results. Personal data were processed only to the extent
that they were indispensable in relation to the objective of the
study, in compliance with the provisions of current legislation
on the protection of personal data and in accordance with the
provisions of the general authorizations of the Guarantor Au-
thority for the protection of personal data.
Psychological risks. In order to reduce the sense of frustration
and discouragement, which could be caused by the difficulty
and sometimes impossibility of correctly answering the pro-
posed questions, due to the lack of specific knowledge, we
presented children the test as an introductory process needed
by the IMAGINE world to calibrate the activities for them. All
children, comprised those in the control group, were invited to
freely play in IMAGINE after the study period.
RESULTS
Figure 4 shows the baseline characteristics which led to the
allocation of 35 children in the experimental group (in red)
and 35 children in the control group (in blue). The average T0
score of children in the control group (CL) is 11.27, while the
average T0 score of children in the experimental group (IMG)
is 11.18; the proportion of 1st graders was slightly higher in
both groups.
Among the sample, follow-up values were collected in 48
children, that is, 68,4% of the total. From the recruited 70
participants, two students (one per group) were excluded from
the data analysis due to their high scores (> 60%). These
students achieved an improvement 80% lower than the average
scores (ceiling effect). One participant was excluded as she
spontaneously informed the researchers to having discussed
the treated topic with parents, deepening the knowledge gained
from the exercise sessions, before taking the final test. Of the
remaining 67 children, 19 were excluded due to their absence
on days of either training or testing. This reduction in the
sample led to analyse 26 children in the control group and 22







Figure 4: Control and Experimental Group Distribution
The immediate effect of the intervention after the two training
sessions, which we refer as Short term Retention (SR), was
evaluated based on changes in the values of the score obtained
during T1 with respect to that achieved with the baseline
test in T0, as depicted in Figure 5. SR was significant for
both groups as they scored an average of 18 notions (MCL =
18.35, SDCL = 8.69, MIMG = 18.18, SDIMG = 6.52, p<0.0001).
We categorized each of the two groups into tertiles
based on SR scores. The first tertile can be traced back to the
children who have retained fewer concepts and, therefore,
probably those who have encountered more difficulties. The
third tertile is associated to those children who acquired more
concepts, which we can assume have had fewer difficulties.
Consequently, the second tertile represents the group of
children whose SR is in the middle range.
Figure 5: Classroom vs IMAGINE Short term Retention (SR)
Children belonging to the first tertile retained an average of 8.6
concepts in class and an average of 11.1 notions in IMAGINE
(MCL = 8.62, SDCL = 3.77, MIMG = 11.14, SDIMG = 2.61).
Results are reversed in the third tertile, in which children in the
control group learned an average of 27.6 concepts, compared
to 25.5 acquired by the children in the experimental group
(MCL = 27.66, SDCL = 4.24, MIMG = 25.5, SDIMG = 2.97). In
the second tertile, children learned an average of 17 concepts,
regardless the learning context (MCL = 17.66, SDCL = 3.61,
MIMG = 17.29, SDIMG = 1.25).
The effects of 50 days’ holiday, in which students have been
engaged with homework not related to this study topics, were
particularly noticeable in all participants’ T2 scores. Values
on Memory Loss (MR), that is the number of forgotten no-
tions between T1 and T2, show that students from first tertile
forgot in average 7.7 and 6.6 notions in the control and experi-
mental group respectively (MCL = 7.71, SDCL = 5.21, MIMG
= 6.67, SDIMG = 3.01, p<0.0001). Almost the same differ-
ence occurred for second tertile students, who lost 8.7 notions
in the control group against 7.3 notions in the experimental
group (MCL = 8.67, SDCL = 3.7, MIMG = 7.28, SDIMG = 7.47,
p<0.0001). The highest MR can be noticed in the third tertile,
in which students who learnt in classroom forgot between 8
and 24 notions (AVG. MR: -16) and those who practised in
IMAGINE forgot between none and 11 notions (AVG. MR:
-5) (MCL = 15.78, SDCL = 8.12, MIMG = 5, SDIMG = 6.37,
p<0.0001).
Overall, students who have practiced in IMAGINE have shown
they long-term retained many more notions than those who
exercised in classroom. In particular, as depicted in Figure
6, IMAGINE students retained an average of 3 notions more
than classroom students in the first tertile, 1 notion more in
the second tertile, and 9 notions more in the third tertile.
Figure 6: Classroom vs IMAGINE Long term Retention (LR)
Finally, it was found that IMAGINE has an average Con-
tent Retention Rate (CRR) of 5.8 contents/hour and an av-
erage Active Learning Turn Efficacy (ALTE) of 1.5 con-
tents/turn, whereas the classroom has an average CRR of 3.6
contents/hour and an average ALTE of 0.9 contents/turn.
DISCUSSION
In this section we first answer the research question that led to
this investigation and then discuss about possible implications
and speculations of using interactive environments such as
IMAGINE in daily educational activities.
Research question
Can learning benefit from an immersive embodied approach
compared to a traditional paper-based classroom approach?
All 48 children retained a lot. Each child memorized
an average of 18 concepts in the short term and retained
7 notions when learning in the classroom and more than
11 notions when learning in IMAGINE in the long term.
Differences in Short term Retention (Figure 5) can be
interpreted as follows.
Children with more learning difficulties found it easier
to memorize within IMAGINE. The better outcome could
be ascribed to the effect of the wide range of different
interaction modes and the various senses involved, which
allowed them to more easily find the learning modality
suitable for their natural inclinations. In addition, the evident
greater ease with which the teacher has carried out teaching
sessions within IMAGINE, allows us to deduce that it acted
as a catalyst of attention, thus improving retention. On the
other hand, during the exercise sessions, we could notice
how some of the classroom children, who then scored
high, practised autonomously ahead in the execution of the
exercises, waiting for the teacher and the rest of the class
only in case they were not able to provide an answer to the
task or when correcting it. We believe that children’s au-
tonomy in class favoured their retention rate in the short-term.
Learning depends on (especially long-term) memory
as it provides the framework to which new knowledge is
linked by association and inference (understanding) and,
viceversa, because it lets us store and retrieve learned
information [74, 20]. Under psychological views, children’s
acquired notions were gathered through the senses and relayed
to short-term memory (SR) where, through repetition and
rehearsal, they were committed to the semantic (long-term)
memory (LR). The evaluation of children’s learning as
their prolonged retention of notions (LR), highlighted how
those who performed in IMAGINE lost, after 50 days, an
average of 5 notions less than those who exercised in the
classroom, allowing them to score almost double in the last
test. These results are also confirmed when analyzing the
Active Learning Turn Efficacy (ALTE): each child memorized
almost double notions per turn when performing in IMAGINE,
compared to when exercising in classroom. Such results can
be ascribed to the embodied immersive approach provided by
IMAGINE, that eventually enabled children to encode infor-
mation more naturally, to consolidate it through embodied
reflection, store and recall more easily and for a longer period.
Moreover, given that, early in learning, students pri-
marily have representations that are episodic in nature (e.g.
representations of personally experienced events such as
being in a place with friends) and, as learning continues and
schematisation occurs, students’ knowledge is more likely to
be dominated by semantic memory representations [40], we
can then attribute the positive ALTE and LR scores to the fact
that children were facilitated in recalling notions because they
were accessing to both episodic and semantic memory.
These results suggest that learning might benefit more
from an IMAGINE approach than the traditional paper-based
classroom process.
Insights
A few studies of educational technology have focused on
exploring the long-term impact of embodied interaction in
authentic school environments. Starting from teachers’ obser-
vations, this section describes the possible implications and
the derived set of factors that may pave the ground of using
immersive multimodal learning environments in education.
• Attractiveness. While lack of motivation in education can
undermine the process of students learning, the opposite is also
true [85]. Many children have shown great enthusiasm and
impatience to interact with IMAGINE before the experimental
sessions and, after them, by repeatedly asking to perform other
activities within it. The same fervour was not reported in chil-
dren belonging to the control group. Our results suggest that
increased motivation shown by children in IMAGINE may
have contributed to their higher performance.
• Role-changeability. Commenting video recordings, teach-
ers pinpointed that children in IMAGINE changed their roles:
those who were usually more introverted and less active were
the ones who shot out joy and motivated their mates. We
deduce IMAGINE was the role changer of these dynamics as
also happened in other on-the-field studies [32].
• Sociability. The teacher who participated in the study de-
fined IMAGINE a promising enabler for collective learning.
It is generally thought that, knowledge is based on both intra-
individual events and social community processes [86, 87].
In his theory of social learning [11], Albert Bandura points
out that learning not only involves direct contact with objects,
but also takes place through indirect experiences, developed
through the observation of other people. This mechanism of
spontaneous involvement allowed the teacher to engage in dis-
cussions in IMAGINE more easily. Given these premises, it
could be interesting to further study those particular aspects of
knowledge creation in working groups and the transfer meth-
ods happening between them.
• Physical Activity. IMAGINE can eventually enhance physi-
cal activity over more traditional sedentary classroom-based
methods increasing students health and fitness. Some studies
demonstrated that physical exercise affects brain plasticity and
influences cognition and well-being by increasing cerebral
blood flow, maximal oxygen consumption and delivery [92].
• Affective Activity. Supporting social constructivism inter-
twined with high level of interaction can support improvement
in both cognitive and affective domains as shown in previous
studies [13, 23, 58, 24]. IMAGINE generated in children a
sense of active belonging to the group, which began to rejoice
in response to the correct answers given by the companions
and to give advice and suggestions in moments of uncertainty.
• Verisimilitude. Children not only shared a common expe-
rience, but they were also projected in a micro virtual world,
representation of a real but less complex reality [26, 76].
Verisimilitude plays a critical role in children’s learning, en-
hancing concrete thinking in naturalistic scenarios; eliciting
consciousness and awareness which accompany different as-
pects of memory; exposing children to real learning scenarios,
easier to generalize to real world situations; and, over an
extended period, transforming isolated memory episodes to
conceptual knowledge [17, 29, 71, 83].
• Teachers’ role and sustainability. Given the results from
the study, one could argue that providing the best learning
environment means offering immersive and embodied experi-
ences. This is partially true, but is worth noticing that without
the continuous mediation role of the teacher, this technology
would have less potential. Teachers create or organize learning
material, and design the educational learning methods and
strategies. Solutions like IMAGINE are just "tools". Exploit-
ing them to provide powerful learning opportunities based
on new educational methods depends on the teachers’ under-
standing of the potential and limitations of these tools, and
their ability of technology appropriation, i.e., of adopting and
adapting technology to integrate it into their practices and
teaching routines. This radical change will have to account
veteran teachers, generally considered "digital immigrants",
and novel teachers, generally considered "digital natives" and
to provide methods to technologically literate the first group
and to develop a pedagogy that includes interactive teaching
and learning for the latter one [73]. It is thus necessary for
institutions to take informed decisions and move towards a
sustainable technology-driven embodied education.
• Performability. We could interpret some of the above dis-
cussed behaviors of children through the lens of performative
experience design [89, 78]. IMAGINE provides a perfor-
mative context: the locus of interaction expands from the
virtuality of the projections to the physical space and from a
personal context to a social and public context. Like in a per-
formance, activities in IMAGINE have "diachronic structure"
[89]: a beginning, a sequence of isolable phases, and an end.
During interaction, the user’s body is up and on display in a
performative manner in front of the class, and children are
operators of, performers in, and spectators to their own - and
their peers - interactions. We could therefore regard IMAG-
INE as a "Technology-Mediated Performative Environment"
and ascribe its value for and impact on learning to the per-
formative nature of IMAGINE experiences: the engagement,
emotions, and ego investment that are associated with public
performance are intrinsically more motivational compared to
sitting and merely writing answers or speaking aloud.
Directions for enhancing IMAGINE
Among the several new features of IMAGINE, we report some
hints about possible future enhancements in terms of user ex-
perience, system-supplied capabilities and in-depth research.
• Co-creatability. Different studies suggest that involving chil-
dren as co-creators and collaborative problem solvers make
learning more appraisable [22]. By allowing children to con-
figure their environment, education is more active, engaging
and student-centered and it helps students to develop higher-
level thinking ability, to increase retention and self-esteem,
and to enhance their performance [8].
• Adaptivity. As demonstrated in previous works [18, 27,
38], technology is able to automatically track each learner’s
improvement. Digital technology, differently from analog
solutions, will eventually be able to identify users’ level of
knowledge about the subject and their mastery with respect
to the proposed motion-based interactions. This would allow
the system to provide challenges that are always engaging
and stimulating, allowing each student an adaptable learning
experience. We believe that through adaptivity it is possible to
achieve the objective of "bilateral inclusiveness", which not
only provides children with special educational needs with the
tools necessary for their education, but also stimulates those
with the greatest ease of learning to achieve better results.
• Inclusivity. IMAGINE supported both short and long term
retention in children with greater difficulties and empowered
high performers on a prolonged time. This environment holds
promise in supporting children with special educational needs
(SEN) in mainstream education, given its plethora of interac-
tion modalities and stimulus that can be carefully selected by
the teacher to give SEN children the best tailored experience.
• Trackability. Profiling students and tracking their results
will eventually serve not only the child itself but also teachers
(who will adapt their teaching according to children’s improve-
ments), parents and the entire school community. Additional
use of technologies such as bio-signal sensors, wearable body
sensing equipment and EEG should be able to shed a light
on the inseparable link between body and brain and therefore,
inform a potential framework for embodied learning [56].
• Embodiment. For the purpose of this study, activities in
IMAGINE were developed to be comparable with textbook-
style tasks; still, the system architecture, including the usage
of the Kinect motion sensor, was designed with the intent of
enabling richer embodied experiences that take advantages
of the affordances of the media, the immersivity of the envi-
ronment, and the representational power of movements and
gestures. As an example of higher embodied for the Solar
System learning experience, players could explore the com-
position of planets using connected textured tactile materials,
experience crusts temperatures making use of heat lamps and
refreshing fans, using distance between their hands to describe
planets sizes, or use their body to mimic planets position and
explore how they reciprocally move.
LIMITATIONS
Although the empirical study has been designed very
carefully, there were some limitations. First, the data are
self-reported, introducing several potential bias such as
selective memory, telescoping, attribution, and exaggeration.
The study procedure and data analysis were mostly organized
before performing the study and commented before the
results publication. Still we had to face, as common in any
study, different unexpected circumstances that may have
induced educators and researchers to hypothesize some facts
afterwards (known as harking [49]).
Second, as technology limitation, we found out during
the study that IMAGINE introduced some small delays that
could have distorted the experience of our participants. On
the other hand, the multimodality and multisensoriality of the
interactive environment eventually influenced participants’
focus of attention and related performances.
Third, this research was conducted on a short time
range. Therefore, to generalize the results for larger groups
and statistically evaluate the acquired notions, the study
should be replicated for a longer period and with more
participants. Within a longer time frame, running similar
sessions with more participants would allow analyzing
post-novelty effects, analysis and generalization of effects,
and consolidation of learning.
Finally, the content, the methods, the environmental
and subjective factors used to teach in IMAGINE and in
classroom affected children’s engagement and attention.
Although we kept the same interaction methods, trying to
change only the instructional treatment variable, we were not
able to control all variables, such as the variability between
the subjects, their learning attitude, or their preferences;
in addition, the novelty effect may have played in favor of
IMAGINE.
CONCLUSIONS AND FUTURE WORK
Despite nearly two decades of research on embodied learning
tools, we are still a long way from knowing how best to
exploit the power of embodied technologies to support
learning. The individual differences among learners and
the complexity of the learning process, which involves
multiple intrinsic factors, contribute to make the research
in this field particularly challenging and critical. Despite
these and other limitations, research is making progress. The
results of our empirical study are encouraging, as we detected
improvements in participants’ long term retention skills that
could be ascribed to the experiences in IMAGINE. From a
broader perspective, our research suggests that motion-based
immersive technology to support embodied learning activities
in regular school contexts is a promising approach, and
smart spaces characterized by low-medium embodiment like
IMAGINE might lead to revisit existing educational processes
as well to reinvent new ones.
Overall, our work contributes to the educational technology
research community by providing a deeper understanding of
how we use embodied learning technologies in real learning
contexts and outlines some hints of how these technologies
could be improved in the future.
In the future we plan to leverage the potential of mo-
tion sensing technologies by designing full-body activities
that make use of iconic and representational gestures so to
take full advantage of the affordances of IMAGINE and
we will expand the study to a larger number of participants
who will be involved for a much longer time, tracking their
performances within each learning session. Such research
would also support the creation of a corpus of data on
children’s bodily learning, unique in this field and valuable
for educational practice and research.
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